Introduction
Dietary habits are vital in human health. In such a fast moving world, where the industrialization and globalization are taking place at such a pace consumer needs are also altering day by day. Not only the scenario is prevalent in India but it can also be seen in abroad as well. This has led to the varying eating habits of the consumers in every part of the world. Due to the same, erratic growth and development is seen among individuals of different age groups. Epidemiological studies on the inter-relationship between dietary habits and disease risk have shown that the food has a direct impact on the health of a person. Besides studies have shown that consumption of fruits and green vegetables with high phenolic and flavonoid compounds are correlated with reduced cardiovascular [1, 2] inflammation [3, 4] cancer mortality [5, 6] and disease rates [7, 8] . Antioxidant is defined as any substance that when present at low concentrations compared with those of an oxidizable substrate, significantly delays or prevents oxidation of that substrate [9] . The search for economical and abundant sources of natural antioxidants is attracting worldwide interest. Thus the need to study the antioxidant property is slowly and steadily gaining importance as the free radicals find an ease in attacking the body of an organism due to the absurd eating habits of the individual. In this context, people are exposed to a large number of both chemical and physiological changes occurring in nature. Free radicals generated in the body can be eradicated by body's own natural antioxidant defenses; for instance, glutathione, catalase, etc. However, endogenous antioxidant defenses are not completely sufficient. For this purpose, the dietary antioxidants is a boon to modern lifestyle and are required to lessen the overall effect of antioxidative stress caused by free radicals in the human body.
Pomegranate fruit (Punica granatum L.) is one of the most popular fruits native to Iran. There is growing interest in this fruit as it is considered to be a functional product of great benefit in the human diet as it contains several groups of substances that are useful in disease risk reduction [10] . Pomegranate extract is standardized and contains the important polyphenols found in pomegranates: ellagic acid, gallic acid, and punicalagin. These three compounds are potent antioxidant which promotes health by destroying cell damaging free radicals. The different antioxidant compounds present in fruits are responsible for the high antioxidant capacity. Many experiments have reported the antioxidant activity of fruit juice and fruit pulp from edible fruits [11, 12] . However, there is a little information on the antioxidant activity in fruit peels. Peels are often the waste part of various fruits and are generally discarded off rather than being used up for nutritional purposes. These wastes have not generally received much attention with a view to being used or recycled rather than discharged. Perhaps, this might be due to their lack of commercial application [13] . Interestingly, the peel and seed fractions of some fruits have higher antioxidant activity than their pulp fractions. For instance, pomegranate peel has a higher antioxidant activity than its pulp [14] . The aim of the present study was to study the effect of solvents on extraction of pomegranate peel extracts and characterization of the pomegranate peel extract using allied assays viz antioxidant properties and through HPLC (High Performance Liquid Chromatography).
Materials and Methods

Preparation of pomegranate peel extracts
Ripened pomegranates (Ganesha variety) were obtained from Azadpur market, New Delhi. The peels were manually removed, air dried and powdered. Powder was extracted with a Soxhlet extractor using ethyl acetate, acetone and methanol for 6 h each. The extract was filtered through Whatman No. 41 filter paper for removal of peel particles and concentrated under vacuum at 40°C using a rotary evaporator [15] . The extract so obtained was finally vacuum dried and stored in desiccators for further evaluation purposes. The moisture content of peel powder was found to be 17.65%.
Determination of total phenolics
The concentration of phenolics in the pomegranate peel extract was determined with Folin-Ciocalteu reagent as per the method of Singh et al. [15] . Results were expressed as (+) tannic acid equivalents (TAE) and were specified by the tannic acid calibration curve.
Evaluation of antioxidant capacity
% radical scavenging activity as DPPH of pomegranate peel extracts was determined. FRAP (Ferric Reducing Antioxidant Power) assay done as described by Benzie and Strain [16] . The final result was expressed as the concentration of antioxidants having a ferric reducing ability equivalent to that of 1 mM FeSO 4 . TEAC (Trolox Equivalent Antioxidant Capacity) assay was conducted according to the modified method of Re et al. [17] . The results were expressed in mM trolox/mg extract. The total antioxidant capacity of pomegranate peel extracts was evaluated by phosphomolydenum method as per of Prieto et al. [18] . Water-soluble antioxidant capacity was expressed as equivalents of ascorbic acid (µmol/g of extract). All determinations were performed in triplicate.
Three replicates of each sample were used for statistical analysis and the values were reported as mean ± standard deviation (SD). All the extracts were found to be significant as they exhibited differences at p < 0.05.
Results and Discussion
The pomegranate peel contains many diverse antioxidants, including those possibly not so far well characterized. Pomegranate peel also had been shown to be loaded with polyphenols [19] . It is time-consuming to purify all antioxidants, one by one, from pomegranate peel. From the technical point of view, a suitable extracting procedure must be developed to recover as many antioxidants as possible before an extract rich in natural antioxidants could be further explored for possible application in health-promoting supplements for the food industry. The yield (w/w, db) of MeOH, acetone and EtOAC extracts were found to be 29.55 %, 6.38% and 2.62% respectively. The phenolic content (tannic acid equivalents) was highest in the MeOH extract, as 2.4 + 0.013 mg/g followed by acetone (2.19 + 0.089 mg/g) and EtOAC (0.7 + 0.039 mg/g) extracts. The total phenolics content calculated in the results are different from the result reported elsewhere in literature. This deviation particularly in the values is likely to be due to the difference in extraction and phenolic content determination procedures [20] . Singh et al. [15] reported a phenolic content of 0.9 mg/g, 2.2 mg/g and 0.15 mg/g for ethyl acetate, methanol and water extracts respectively when expressed as tannic acid equivalents. The FRAP assay treats the antioxidants which are present in the samples as reductants in a redox-linked colorimetric reaction and the value signifies the reducing power of the antioxidants. The reducing power of the antioxidants has been reported to be highest in methanol extract as 756.44 + 78. 4 [22] . Antioxidant reacts with DPPH, which is a stable free radical, and converts it to R, R-diphenyl-α-picryl hydrazine. The degree of discoloration indicates the scavenging potentials of the antioxidant extract. At 50 ppm, ethyl acetate, methanol, and acetone extracts of pomegranate peel exhibit 41%, 78%, and 53% free radical scavenging activity, respectively. Whereas at 100 ppm they exhibited 50%, 91% and 68% free radical scavenging activity, respectively. The results of the present work are almost consistent with the outcome from the study of the antioxidant activity of pomegranate peel extracts using in vitro models. The results were that at 50 ppm, ethyl acetate, methanol, and acetone extracts of pomegranate peel exhibited 48%, 81% and 56% radical scavenging activity, respectively. Whereas at 100ppm the extracts exhibited 54%, 88% and 63% radical scavenging activity, respectively [15] .
TEAC value of the pomegranate peel extract has also been reported. The total antioxidant capacity of pomegranate fruit extracts of peel as TEAC value for methanol was found to be 5.26+0.001 mg/g. Moreover, the total antioxidant capacity of pomegranate fruit extracts of peel as TEAC value for acetone and ethyl acetate extract has been reported as 4.93+0.0038 mg/g and 2.83+0.016 mg/g respectively. The main reason that can be cited to support this is that methanol is a polar protic solvent on account of its ability to donate proton and its dielectric constant (33) is also greater than that of acetone (21) and ethyl acetate (6) .
The dried pomegranate peel extracts were used to determine their antioxidant capacities by the formation of phosphomolybdenum complexes. This assay was based on the reduction of Mo (VI) to Mo (V) in the presence of antioxidant compounds and the subsequent formation of a green phosphate/Mo (V) complex at acidic pH, which was measured at 695 nm. Antioxidant capacity was determined by phosphomolydenum method in terms of ascorbic acid equivalent. The antioxidant capacity as determined by the phosphomolybdenum method of methanol, acetone, ethyl acetate extracts were found to be ranging from 126.98+49.1 to 438.362+39, 112.012+65.1to 367.21+89.2 and 88.58+43.4 to 424.449+53.6mg/g of extract as ascorbic acid equivalent (AAE) respectively as shown in Table 1 . It is quite difficult to assign an order of antioxidant capacity to the extracts because of the differential responses at four concentrations. At 25 µg/mol and 100 µg/mol concentrations, the methanol (MeOH) extract showed strong antioxidant capacities, whereas acetone and ethyl acetate (EtOAc) extracts showed strong antioxidant capacities at 50 µg/mol and 75 µg/mol concentrations, respectively. The results followed the similar trend line as reported by Negi et al. [20] in which the methanol extract exhibited the strongest antioxidant activity at 25 and 100 µg/mol concentrations whereas acetone and ethyl acetate (EtOAc) extracts showed strong antioxidant capacities at 50 µg/mol and 75 µg/mol concentrations, respectively. Also, methanol being a polar protic solvent possesses dissociable H + ions and thus has higher antioxidant activity. All the extracts showed an increase in antioxidant capacity with increase in dose of ascorbic acid concentration.
HPLC analysis of the pomegranate peel extract treated with acetone and methanol was carried out. The amount of five antioxidants present in the extract was determined through chromatographic technique. The compounds were chiefly as: gallic acid, caffeic acid, p-coumaric acid, epicatechin and chlorogenic acid. The HPLC patterns of these antioxidants in peel extracts (acetone and methanol) using the HPLC grades of catechin, gallic acid, caffeic acid, chlorogenic acid, p-coumaric acid, catechin and gallic acid are also studied. The presence of catechin followed by chlorogenic acid in the acetone extract of pomegranate peel is shown to be the major component. While the presence of chlorogenic acid followed by caffeic acid in the methanol extract of pomegranate peel is shown to be the major component (Table 2) . Similar reports are found by Usman and Kumar [23] using methanol for ultrasound assisted extraction of polyphenols from pomegranate peel. 
Conclusions
All the extracts obtained from the peel studied here showed antioxidant capacity, although with different efficiencies. Due to the low cost and easy availability of fruit peel, which otherwise would be discharged as waste in the environment, they should be regarded as potential nutraceutical resources. In a nutshell, the methanol extract of the pomegranate peel exhibited the strongest antioxidant activity with an ample quantity of the total phenolics. The extracts from fruit residue hold promise in food industry as sources of bioactive compounds. In addition, an established use of the fruit residue will also help alleviate pollution problems caused because of the poor disposal of such residues. It is however necessary to consider both environmental (waste management and protection against pollution) aspects and economical aspects (extraction profitability) before the extracts from fruit residue could be commercially exploited. The overall results showed that the pomegranate peel extracts have antioxidant properties and more research is needed to establish bioavailability and real benefits of these extracts obtained from fruit residues in vivo.
